Differential protein precipitation is a rapid and economical step in protein purification and is based on exploiting the inherent physico-chemical properties of the polypeptide. Precipitation of recombinant proteins, lysed from the host cell, is commonly used to concentrate the protein of choice before further polishing steps with more selective purification columns (e.g. His-Tag, Size Exclusion etc.). Recombinant proteins can also precipitate naturally as inclusion bodies due to various influences during over-expression in the host cell. Although this phenomenon permits easier initial separation from native proteins, these inclusion bodies must carefully be differentially solubilised so as to reform functional, correctly folded proteins. Here, a typical protein extraction, precipitation and selective resolubilisation procedure is outlined, based on a recombinantly expressed protein.
1.

Introduction
Protein precipitation can be caused by the differential solubility between a protein-rich soluble phase and a solid chemical precipitant. Soluble proteins can be insolubilised by interaction with a suitable precipitant that decreases the protein's attraction to the solvent and increases the protein's attraction to other protein molecules, resulting in protein accumulation and eventually precipitation. The addition of low molecular weight substances, such as glycerol, polyethylene glycol and sucrose, and high molecular weight substances such as serum albumin, can have significant effects on protein structure and stability. Preferential hydration of a protein molecule caused by the presence of these additives can increase the protein's stability. Certain salts can also exert a stabilising effect by 'salting out' hydrophobic residues of a protein, causing the molecule to adapt a more compact, stable structure (1) frequently resulting in precipitation. The use of such protein precipitating molecules is an empirical process, the effects of any given substance on a protein must be determined experimentally. The use of additives can not only be used as a simple approach to increase the stability of a given protein, but also to actively effect protein precipitation. Protein precipitation can be used as a crude protein clean-up method from cell lysates, readily employed after bacterial over-expression of recombinant proteins.
Differential solubilisation of proteins is often employed for proteomic analyses (2, 3), but it too can offer an alternative purification technique for non-soluble recombinant proteins expressed in heterologous hosts. Recombinant proteins expressed as inclusion bodies can be readily separated 3.
Methods
3.1
Recombinant / Native Protein Extraction.
The source of the protein will determine the optimal technique to release the protein from the tissue or cells in which it is contained. The typical freeze-thaw cell lysis procedure (below) is generally sufficient to lyse most bacterial cell types although other options are available (see Notes 1, 2, 3).
1.
Collect the bacterial cells by transferring the bacterial culture to a pre-chilled sterile centrifuge tube and centrifuge at low speed (5 min, 800 x g) in a previously cooled centrifuge (4°C).
2.
Carefully remove the culture media from the bacterial cell pellet, ensuring the pellet is not disturbed.
3.
Resuspend the cell pellet in Resuspension Buffer One, in 10% of the original culture volume.
4.
Freeze the resuspended cells to -80 o C by placing the resuspension solution (still in the plastic centrifuge tube) into a pre-equilibrated -80 o C freezer, then warm the cells to 37 o C (using a pre-equilibrated water bath) for 10 min. Repeat this freeze thaw process three times.
Sonication can also be used if the protein is not released during the freeze thaw steps. It is crucial to maintain the cell suspension on ice during the sonication process (see Notes 4, 5, 6).
5.
Sonicate at 10 amplitude microns for 10-20 s.
6.
Allow the cell suspension to stand on ice for 30 s.
7.
Repeat steps 5 and 6 three more times.
8.
Check the recombinant protein induction/expression by loading and analysing a representative sample (typically 50 µg protein) onto a SDS-PAGE gel.
Protein Precipitation using Ammonium Sulphate.
A common and inexpensive first step to isolate proteins during protein purification is precipitation with an external additive. This additive alters the physicohemical properties of the protein causing it to fall out of solution. Ammonium sulphate (see Note 7) is commonly used for large scale precipitations.
1.
Gently stir the protein mixture with the aid of a magnetic stirring bar at 4 o C. Add, using a graduated pipette, the saturated ammonium sulphate solution drop-wise to the protein solution until precipitates start to form (see Notes 8, 9, 10).
2.
Once sufficient saturated salt solution has been added to cause precipitation of the protein of interest (indicated by collection of precipitate at the bottom of the container), centrifuge the mixture at 10,000 g for 15 min. Collect the precipitate by carefully discarding as much supernatant as possible (see Note 10).
3.
Resuspend the protein pellet at 4 o C in Resuspension Buffer One for further downstream processes.
Protein Precipitation using Trichloroacetic acid.
Trichloroacetic acid (TCA) is routinely employed for small scale operations or precipitations of protein preparations that are at low concentration; however, it should be noted that this procedure is protein denaturing, and caution must be exercised when working with TCA (see Notes 11, 12).
1.
To one volume of protein solution, add 1/100 volume of 2% DOC (sodium deoxycholate).
2.
Vortex and incubate for 30 min at 4 o C. 
4.
Centrifuge the sample for 15 min at 4 o C (10,400 x g). Gently remove the supernatant and retain the pellet. Carefully dry the tube by inversion on tissue paper (note: the pellet may be difficult to see).
5.
Optional: Wash the pellet twice with one volume of ice-cold acetone. Vortex and re-pellet the samples by centrifugation 10,400 x g for 5 min at 4 o C between washes (see Note 13).
6.
Dry the samples under vacuum (e.g. Speed Vac, Savant) or allow to air dry.
7.
Resuspend the protein pellet in a buffer of choice for further downstream processes.
4
Protein Solubilisation. 
Recombinant protein expression in a heterologous
2.
Slowly add Triton X-100 (to a final concentration of 1% v/V), and mix gently.
3.
Carry out the sonication procedure as outlined in 3.1, steps 5 -7.
4.
Incubate the cell debris with DNase I (100 U/mL) for 1 h at 37 o C.
5.
Collect the inclusion bodies by centrifugation at 30,000 x g for 30 min at 4 o C.
6.
Wash the inclusion body pellet twice with PBS-T, followed by centrifugation at 30,000 g for 30 min at 4 o C.
7.
Solubilise the pelleted inclusion bodies in the solubilisation buffer and allow total solubilisation to occur at 4 o C for 1 h, with occasional gentle mixing.
8.
After 1 h solubilisation, remove all remaining insoluble material by centrifugation 30,000 x g for 10 min at 4 o C (see Note 16).
9.
Determine the protein concentration and adjust to 1 mg/mL by dilution in solubilisation buffer and proceed directly to re-folding at 4 o C (Section 3.5).
3.5
Protein Refolding. 
3.
Centrifuge the dialysate at 4°C for 30 min at 30,000 x g.
4.
Carefully remove the liquid protein rich layer, concentrate (e.g. Amicon filtration) and store at an appropriate temperature (see Note 21). , and allow the proteins to precipitate for 1 to 2 h at room temperature, followed by an overnight incubation at 4°C. Sediment the precipitate by centrifugation at 10,000
x g for 1 h, and carefully remove the supernatant. Repeatedly rinse the precipitate with 1 mL of acetone. Remove all traces of acetone by evaporation at room temperature. Solubilise the precipitate by adding 100 µL of 2x sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer (25% glycerol, 8% SDS, 4% β-mercaptoethanol, 0.02% bromophenol blue, 100 mM Tris-HCl, pH 6.8). These samples can be applied directly to an SDS-PAGE gel, if this type of analysis is required.
4. The sonication process can generate large amounts of heat, which is why pulses are limited to ~20 s. In between pulses, cool the tube in ice or ice-water slurry for 30 s. If a large volume is required to be sonicated, split the cell suspension into two tubes, and alternate the sonication and cooling steps. Sonicate on ice where possible.
5. The extraction process also releases proteases, which will digest all proteins in the solution. If the protein is sensitive to proteolysis, it is desirable to employ a protease inhibitor (see Chapter 4), to proceed quickly, and to keep the extract cooled to minimise proteolysis.
6. Lysozyme (500 µg/mL, to assist cell wall degradation) and DNase I (100 U/mL, to degrade genomic DNA) can be added to the lysis buffer.
7. The addition of high concentrations of salt to a protein solution causes precipitation by removing water from hydrophobic patches on the protein's surface, resulting in these patches aggregating together causing the protein to come out of solution. A number of salts can be used for this process; NaCl, Na 2 SO 4 , KCl, CaCl 2 and MgSO 4 , however, (NH 4 ) 2 SO 4 is by far the most commonly used additive. This is due to several advantageous characteristics of the salt, including the fact that it has a high solubility in water (4 M saturation) and it has a low density at saturation allowing precipitated proteins to be collected by centrifugation. Hence the first proteins to be purified during ammonium sulphate precipitation are water-soluble proteins (6). 19. Continual dialysis can be set up by using a gradient maker. In its simplest form, this consists of two containers of the same shape connected by a siphon. One container contains the low concentration buffer, and the other contains high concentration buffer. The buffer is withdrawn from the low concentration container to the high concentration container. This will produce a linear gradient from high to low buffer concentrations over the total volume of the gradient.
Once the "low concentration buffer" supply has been depleted, the dialysis tubing is removed from the larger vessel and placed in a similar, clean vessel containing fresh buffer at the same concentration as the original "low concentration buffer". The "low concentration buffer" vessel is replaced with a vessel containing buffer at the next lower concentration level and the process is allowed to continue until the "low concentration buffer" supply is depleted again. This process 
